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ABSTRACT

The special high intensity beams available at the highest
secondary beam energies and the large aperture spectrometer of
E-537 (see Appendix C) in the High Intensity Laboratory of the
Proton Area present a unique place in which to search for and
study phenomena associated with the production of direct photons
and lepton pairs. We are updating our objective and restatingl
our intent to continue the experimentation begun in E-537 - Phase

I with a comparison of direct photon production by both negative

and positive beams.

[Ei} + N>y +X

and simultaneously to accumulate data of the type

[Ei] + N » [g] + associated photons and charged particles
to study heavy quark resonance formation and decay into final
states coﬁtaining a y or T.

A 1500 hour experiment at the highest available energies
with the E-537 apparatus will allow us, because of the large
cross sections, to measure and compare direct photon production by n+,
1~, protons and antiprotons (an antiproton measurement is unique |
to this experiment) with good statistics out to X; » 0.8 over the
entire range Xy > 0. With this data we will study the
direct photon process itself and extract structure functions. 1In
addition we will study the particles accompanying the photons for
evidence of gluon and quark jet structure.

During this running the @o* - 10%)y and Q0% - 103)T events ac-

cumulated will allow a study of heavy quark hadroproduction by

both positive and negative beams. We will continue with greaterx



sensitivity the study of Xy production begun by other experiments
and at the higher energies make the first measurement of Xp hadro-
production. Searches for beauty production will be made by

looking for evidence of B + Ky, Kmny, and K¢, Kny,



I. Physics Goals - With the photon and lepton pair resonance data which

can be accumulated in a total of 1500 hours of data
taking with one of the beam scenarios described

in Section II, the following studies will be

undertaken:

a. Measurement of direct photon production

The direct production of photons at high p, in hadronic inter-~

6-10 yhich has been observed at Fermilab and CERNZ™> is

actions
thought to proceed in lowest order in oy via the interactions of

the constituent quarks and gluons shown in the following diagrams:

Kali

K | @ gluon
et jet

‘COMPTON ANNIHILATION

in.lepton pair production the virtual photon has mass M and
materializes as a lepton pair, while in diredt.Phbfon prﬁathion the
photon is on the”mass shell. In the Compton process the direct’
photon recoils against a quark jet, and in _the annihilation procesaA
the photon recoils against a gluon jet. The sum of the Compton and
annihilation processes as calculated in QCD is thought to represent
a good approximation to thé production of direét photons at high
P, if the quark and gluon structure functions include scale breaking
effects. The prodchion of direct photons by protons or atin this

picture will be dominated by the Compton process since the annihila-

tion process proceeds mainly via valence antiquarks. The antiproton and w~



interactions will have approximately equal contributions from the
Compton and annihilation processes at moderate P, but at higher
p, the annihilation process will dominate. By measuring the difference
of the antiproton and proton cross sections from an isoscalar targef
such as D, we will isolate the annihilation process and make possible
the construction of distributions which should show eyidénbe of gluon
jets. The same statement holds for the difference between the 7D |
“and 7*D éross sections excepﬁ that in this case we are dealing with
the pion gluon aﬁd quark distributions which are not as well under-—
stood as those of the proton or antiproton.

Our goals in the direct photon measurement are éo run an equal
amount of time ﬁith negative (p/7~) and positive (p/ﬂf) beams incident
on an isoscalar D2 target and to study the following direct photon

cross sections over a large range of X, and X, for the reasons

F
indicatead:

1. oy(pD) - oy (pPD) study of the annihilation process for nucleon
valence quarks, for higher statistics extrac-
tion of the nucleon structure functions, and
for extraction of information about gluon jets.

GY(N"D) - UY(F+D) for the same reasons, except that the pion
structure functions are studied in this data.

2. OY(pD) to study the Compton process, to study the
nucleon glue distribution, and to study quark
jets.

UY(W+D) study of the Compton process and to study the

pion glue distribution. This process is

complicated by a 25% admixture of the

annihilation process.



3. oY(ﬁD) comparison of the antiproton production of
direct photons themselves with the anti-
proton production of dimuons (which is being
measured in E-537 Phase I) by comparison of
the extracted structure functions.

b. Study of Heavy Quark Resonances

The accumulation of events with lepton pairs and phoyons in
the final state will allow us to search for and study the hadro-
production and decay of heavy quark resonance states. In partiéular,
with the mass resolution of our spectrometer, we should be able to

resolve and to study charmonium 2%P_ states with better statistics

J
than has been achieved in any previous experiment. 11-15 We will
test the predictions of the gluon fusion model 16-17 for these

states and we ~ will continue the search for evidence for the 2'P;
state. In addition, the higher energy beam scenarios which are
available in the High Intensity Laboratory should make hadroproduc-
tion of the upsilonium spectrum experimentally accessible. We
plan to search for and measure the Xp * YT decays and to compare
features of their.production and decay with those of the Xy In
every case the comparison of both positive and negative beams
(and in particular the proton-antiproton comparison) will yield
information about the production mechanisms of heavy resonances.
Finally, the high statistical levels and the good mass resolu-
tion for the xw states will not only allow us to continue the search18
for the expected decays19 of beauty B » K and B -+ $Kn, but also for

the first time, for the similar decays B - xK and B » xKm.



II. Beams

Since the energy of the Fermilab accelerator will be undergoing
major changes in the next four years and since the maximum energy
of the secondary beam which can be transported to the spectrometer
at a particular point in time is unclear, we have considered three
different scenarios, each containing 750 hours of positive beam
and 750 hours of negative beam operation. The particular scenario
which we will choose will depend on the accelerator/secondary
beam configuration which exists at the time of the experiment.

In all cases we have taken 1 x 107 incident secdndary beam
particles per second as a limiting rate, both for our beam tagging
system and for the E-537 spectrometer in the open geometry config-
uration shown in figure 1. This beam flux corresponds to a
maximum interaction rate of 3.5 x 10° interactions/second, since
we plan to use a l-meter long D2 target. Deuterium is chosen both
for its Iv= 0 nature and in order to optimize the ratio of radia-
tion length to‘interaction length in the target material. We show
in figure 2 the positive and negative secondary beam yields20 avail-
able with a 400 GeV/c accelerator and wifh the 1000 GeV/c Tevatron.
We will use both the special A > P beam21 (hereafter referred to
as the neutral beam) and the conventional secondary transport22
(referred to as the charged beam). The three beam scenarios are
given at the end of this section.

The existing beam tagging system utilizes two 70' long differen-
tial Cerenkov counters operating at Sc ~ 6.5 mrad. They work well up
to a beam momentum of 150 GeV/c. At 300 GeV/c we would employ two
95' long threshold Cerenkov counters (Bc = 3.1 mrad with an average

of four photoelectrons per counter). With the particle ratios shown



the beam scenarios these Cerenkov counters will allow less than
13 7 contamination of the antiproton flux at 300 GeV/c. At 750 GeV/c
we will not use tagging, since the positive beam is 98% protons and

the negative beam is 99% 7w .
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III. Apparatus

The apparatus to be used in this experiment, which is shown
in figure 1, is basically the E-537 large aperture spectrometer
augmented by a fine grained liquid argon detector and a set of
segmented Cerenkov counters for charged particle identification.
The new devices are described in Appendices A and B of this proposal.

The general parameters of the spectrometer are given in Table I

below.
Table I

Vertical Aperture 2100 mrad

Horizontal Aperture 200 mrad

J/B.4sg 1089 k¢ inches

Resolutions (o) : 100 Gev 300 GevVv 750 Gev
Mass ¥ (3 GeV/c?) 20 MeV/c? 40 MeV/c? 45 Mev/c?
Mass T (10 GeV/c?) - 190 Mev/c? 280 MeV/c?
*Mass xw(3.5 Gev/c?) 10 Mev/c? 8 MeV/c? 8 Mev/c?
*Mass Xq(10.0 GeV/c? -- 11 MeV/c? 11 MeV/c?

**E resolution for ¥y ov6%:vVE

P resolution for charged particles ch.Z%?/ﬁziﬁfﬁjg“f

Position resolution - Liquid Argon oxmlmm

Position resolution - Drift Chamber oxm200 microns

Mass 7° (from liquid Argon det.) o/mn 4%

Mass n° (from liquid Argon det.) o/m 3% 300 GeV/c

Resolving distance for two photons nvlcm

*Requires constraint of Y (T) mass '

**This resolution is due to the fine sampling which we have designe
into our spectrometer. This resolution has already been achieved
with a liquid argon device with sampling similar to the device we
intend to use.



IV. Physics Topic 1 - DIRECT PHOTONS

a. Event Rates

Direct photon production in proton-nucleon interactions has
been observed by several experiments both at Fermilab2 and CERN3~5.
The currently existing data is shown as a function of p; in Figure 3,

6"loto calculate

Attempté have been made by a number of theorists
the produétion of direct photons within the framework of QCD. These
efforts have resulted in a consistent picture of direct photon
productidn. In particular, the curves of Figure 3 represent the
results of a calcu}ation6 which approximately fits all existing data.
The sensitivity of the calculation to the choice of the intrinsic
transverse momentum spectrum of the constituents is indicated by the
KT = 0 and 1 GeV/c dashed and solid curves.

Since no data exist at the present time for direct photon pro-
duction by m° or p we have estimated the ekpected cross sections for
these reactions from a QCD calculation similar to that which fits the
proton-nucleon direct photon production. The Compton and annihilation

processes have been calculated and summed using the usual formalism24:

d?g ot do 1 ) “ |
dp, ‘dy =13 X [HE'],XTEIE} Zeq G.F + beqm+*target] Xm_
)
lmin C
A
do 1 2 )
+SJX [HEI A Xls+u] {Xeq F.F + beam++target} dxl
lmin ’

. . do : . _
where: the g are the appropriate subprocess cross sections for the Comp-

ton and annihilation diagrams, G and F are the gluon and auark structure

functions with Q? dependence for the appropriate hadrons, s and u

are the usual Mandelstam variables for the overall interaction,and t'



is the momentum transfer in the constituent subprocess. We have used the
structure functions tabulated in references 25 and 26 with the gluon

27

~structure function modified to the strong glue form. The intrinsic

transverse momentum distribution of the gluons and partons is intro-
duced via the Altarelli-Parisi method.28'29 The average intrinsic trans-
verse momentum is chosen to be 600 MeV/c to agree with that extracted
from the'u pair production data of references 30, 31, and 32.

In figures 4a, b and 5a, b we show the direct photon cross sections
which we expect fér p* and 7* interactions at 300 GeV/c as a function
of p; and XF in order to demonstrate several interesting featureé. it
appears that at high pj; the annihilation process is larger than the
Compton process in the production of direct photons. This dominance
of the annihilation process as shown in Figure 4a is true regardless
of whether strong or weak glue structure functions are present. 1In
addition, as shown in Figure 4a, b, the annihilation process is much

+ . .
or p interactions

larger in ﬁ— and p induced reactions than in the =
because of thé presence of Qalence antiguarks of charge 2/3. These
features lead to the expectation that the hadrons recoiling against
the high p) direct photon will more often be the result of
gluon fragmentatiqn than guark fragmentation. In Figure 6 we
show the integrated crosé.sections abové{é;:; ZFGeV/c as a function of
beam energy in order to show the large increase in high p,; cross‘section
for direct photon production with increasing energy of the incident
T and pi.

When an isoscalar target such as deuterium is employed, the

difference of the p and p or the 7 and ﬂ+,indnced direct photon signals

should be the contribution due to the annihilation process and should

contain indications of gluon jets. In addition the difference between

the 7t and 1~ cross sections should be free of residual backgrounds to



the direct photon production which are due to photons from w° ana n

0 +

and n production should be the same for 7" and 7w~

‘decay since T
interactions with D2 by isospin arqument. The same background
statement should be approximately true for b/p differences, although
in this case an isospin argument cannot be made. In addition the

pD + vX and, to a lesser extent, the 7tD+yX reactions are dominated
by the Compton process. Therefore, by examining these reactions it
is possible to study an almost pure Compton process and to search for
evidence of quarkfjets; However, in this case the direct photon

’ and n production

backgrounds must be estimated from the observed 7
and taken into account.

Using the aboﬁe.QCD calculation, direct photon event rates for each of
the three beam scenarios have been calculated and are given in Figures
7-12 as a function of pi-and'xF. The large numbers of direct photons
which are produced in each scenario are adegquate fo probe the kinematic
boundaries in both X and Py - Unlike the production of dileptons (which
is suppressed by a factor of a relative to direct photons at a given Xp
and p,), the problem with direct photons is not one of event rate, but
rather one of backgrounds. Both by the technique of taking differences
of cross sections and by eliminating m® and n photons to minimize

these backgrounds we will achieve clean direct photon signals.

b. Backgrounds to direct photons

The major backgrounds for the direct photon part of the experiment
arise from several sources:
1. Single photons from 7°, n (w®, n”, x, etc.)
decay in which the other photon is lost outside the liquid
Argon electromagnetic detector or in the beam hole.
2. Asymmetric 7%, n decay in which one of the photons from the
7 or n is so low in energy that it is not recognizable. in
the neutral detector.

3. Events in which one photon from a 1° decay converts in the



deuterium target or in another part of the spectrometer and

the ete” pair is not recognized as such in the spectrometer.

¢ decay.

4. Coalescing photons from w
5. Neutral hadrons.
We have estimated backgrounds 1-4 by using measured % and

n fluxes;33 = 3%  gor the case of pp>m’X we have assumed that the

cross section is approximately the same as that of pp»n’X. We use
the scaling form
ddg _ -N,. , M e S T 1% 2
E-a—ﬁ = A py (1-Xp) Xp /xl Xp
with N=9, M=5, and A = 3.8 x 10" 27cm?/GeV? /nucleon. This form fits the

+ 13
data of reference 33 for pN interactions. The 1 p*n’X cross sections

are taken from reference 34:

ddg _ F 2 N - 2 = 3
Egp® = A' (1 - X))/ (pg +0.97) X5 1/xi + (Xp - 0.14)

with N=5, F=3, and A' 1.1 x 10 2°cm?/GeV?/nucleon. An n/%°% ratio of

33,34

0.5 measured in these two experiments is used in simulating the

-

background due to n. The production of w®, n”, x has been measured33

and the backgrounds they cause ére insignificant, Using these cross
sections we have simulated in a monte carlo the 7’ and n flux and .

investigated the properties of our spectrometer.

In order to eliminate background éhotons from n or m° deéay
in our data sample we compute the invariant mass of all two photon
combinations. All residual unpaired photons are direct photon
candidates and form a major background. Clearly, the energy and
position resolution of the detector are important in providing posi-
tive identification of a two—photon pair as a mor an n. The
properties of the detector described in Appendix A are such that the
mass resolutions at 300 GeV/c are o_o " 6MeV/c? and oy 16Mev/c?.

This makes the effect of mispairing negligible.



The relative importance of the various backgrounds 1-4 varies
with the energy of the beam which is available. At the lower energies
the dominant background is ‘due to photons lost outside the acceptance
of the neutral detector. As the energy increases the loss of photons
in the 5" x 5" beam hole of the neutral detector becomes more serious
but never exceeds the loss of photons outside the fiducial regioh of
the detéCtor. In order to minimize the unpaired photons which have
their mate lost outside the aperture a 10" region.around the outer
edge of the neutral detector has been excluded from the acceptance
for direct photon detection. Any photon in this iO" border is tried
in combination with every photon to see if a 7% or an n is formed, but
no unpaired photon in this region is accepted in the direct photon
data sample.

The second most serious background is the loss of low energy
photons which are not recognizable in the deétector. We have taken
a lower limit of 300 MeV for the energy cutoff. Further experience
with the ligquid argon device may allow us to lower that limit.

The third background which we have considered comes from events

in which a photon converts either in the deuterium target

or in a wire chamber or Cerenkov mirror in the spectrometer and in

+

which the e'e” do not both make it into the neutral detector. We

have assumed here that both the e+ and e  must be in the acceptance of the

neutral detector in order for the event to be recognized as a conversion.
In practice a less restrictive requirement than this méy effectively
eliminate this background. Finally, due to the grenularity (1 cm

strips) and two-dimensional nature of our neutral detector, the
coalescing of photons from 1% decay is no problem in any of the

scenarios and makes a negligible contribution to the backgrounds.



Neutral hadrons which shower early in the liquid argon detector
are the final background to which the direct photon measurement is
vulnerable. In order to estimate this we take as a worst case the
experience of the ISR experiments of Ref. 3. By examining the longi-
tudinal and transverse development of showers in their liquid argon
detector they were able to eliminate most of the neutral hadron
background. From their experience we estimate that this backgrouﬁd
can be reduced by.a factor of 10. The residual neutral hadron back-
ground should then be less than 1% of the real direct photon signal.

In Figs. 7-12 we show our estimates of the residual back-
ground of single photons which have not been paired into an

0

n or w vs. p; and Kpo Both at high p; and Xp the signal to back-

ground improves. For the high p, and X, regions where the signal/

F
background ratio is large, the direct photon flux will provide
a clean signal for extraction of structure functions.

c. Direct Photon Trigger and Trigger Rate

In order to trigger on direct photon events, the liquid argon
shower detector will be divided into 60 regions in the X (i.e.,
horizontal) dimension which we will refer to as roads. Each roagd
will be associated with a number of elements of the CPX hodoscope
(charged particle hodoscope-X dimension, see Figure 1). These roads
will overlap in order to accommodate the tails of electromagnetic
showers. A photon in a particular road will have the signature of:

1. No CPX elements firing in that road (neutral requirement);

2. Eroad > energy threshold. This energy threshold must be a

function of the X location of the specific road and is eqguivalent

to a crude p; cut.



3. The energy from the first 12 radiation lengths of the liquid
argon detector > 2/3 Eload (neutral hadron rejection by
longitudinal shower cuts).
We have estimated the photon trigger rates which arise mainly from real
photons from 7° or q decay which have sufficient energy to survive

the crude p cut. The results for each beam energy are given below:
L

Scenario I 100 Gev pi/'rri 90 triggers/second (p‘ cut < 2.5 GeV/c)
Scenario II 300 GeV pi/ﬂi 50 triggers/second (p: cutvi 3.0 Gev/c)
Scenarioc I1II 750 GeV p/Tri 75 triggers/second (bL cut < 3.0 Gev/c)
The total trigger rate including real direct photon and fake

single photons is therefore not expected to exceed 100 per second in

any scenario. Furthermore, the rate can be sensitively controlled by

minor adjustments of the pL trigger.



V. Physics Topic 2 - RESONANCE STUDY

a. Event Rates/Backgrounds

At the same time inwhich we are accumulating data to measure the
direct photon cross sections produced by pi and ﬂi beams, we plan
to continue to use our di-muon trigger to accumulate a large sample
of resonance decays (such as x or B) which result in a ¢ in the final
state. In addition, if the highest energy negative beam (750 GeV/c 7w )
is used, the yield of T's should be adequate to study the upsilonium
system. Figure 13 shows the expected large ratio of m p production
of upsilons and the increase of the cress section with ¥s. The com—‘
bination of these factors makes the detection of hadroproduction of
upsilonium states wifh the 750 GeV m beam possible. Table II shows
either the expected number of events of the various heavy quark states,
which we will collect in a given 1500 hour scenario, or the sensitivity
which can be achieved for the states which have yet to be observed. The

T and B numbers at 750 GeV/c are guoted only for the T  bean.



Table IX

Resonance Production

Scenario - 100 GeV p/p 100 Gev 7 /nT 300 Gev B/p 300 GeV 7 /uT 750 Gev -

et 11K/6.5K 31K/33K 72K, 130K 450K/360K 490K
prete” .2K/.1K .6K/.TK 1.5K/2.8K 9K/ 7K 10K

X(3.51)»ypyate”

(3.58) gy 2 :
XESSRZVORNE % b % 2.5K/L5K TR/8K 17K/ 31K 105K/84K 123K
X(3.42)»yi>v2 % '

2'p > LR

T(9.45)>0 2" . - 30/55 160/125 950

T(10.00)>¢t8” - — 10/18 50/40 300

T(10.32)»2 19" — - 2/ 4 - 10/ 8 50

X family ~ - — 10/20 58/45 340
+o= ’

B(S.3)KYL L K buwx 1, .3/.3 .3/.1 .05/.06 07

B(5.3)+XKﬁ+YQ+£-KW-
* Hadroproduction not yet observed. Ratio of XT/T production assumed to
be the same as xw/w.

** The relative cross sections for the various y states are unknown. Ve
have used the average value of the ratio of all x-»yy hadroproduction
taken from recent measurements of .36%.05.

*** Not yet observed. Sensitivity for Be.o are quoted in pbarn/event.



The cross sections for ﬂi and pi production of ¥, V' and the 7~
production of T have been taken from reference 36-38 ., fThe production
cross sections for m"N->TX has been extrapolated to higher energy
assuming that the pN and 7 N cross sections (as shown in figure 13}
become equal at infinite energies. The ratio of the production of

the various upsiianium states in 7~ interactions is taken to be

the same as the ratios observed in pN interaétionsag. Finally, while
the ratio of the w;/E cross sections is obviocusly a function of energy
for experiments done in this energy regime we have taken m N egual to

pN for resonance production at all energies.

Using these data and assumptions we can estimate the level of

¥ production from the wvarious measurements''° of the ratio of X
hadroproduction to ¥ hadroproduction. We have taken the observations

of reference 13 for m N+xX at 175 GeV/c as most current and appropriate
to our experiment. Using their result of .36+.05 for %;gz%g-we have
estimated the total x production given in Table II.  However, the
¥ production and the relative contributions of the various Yy states are '
unknown. With the good photon and charge particle resolution of our
spectrometer and its ability to lower the combinatorial background by
Arejecting 7° or n photons, we should be able to resolve the various ¥
states. As an indication of the performance of the spectrometer we show
in Figure 14A the expected Yy mass spectrum for PP intexacfions at 100 GeV/c,
(In Figure 14B the comparable plot for 7 p interaction which will be
accumulated simultaneously is shown.) We have assumed for the purpose of

preparing Figure 14 that all the 2°P_ states were produced with equal

J
probability (in contradiction to the prediction of the gluon fusion model!®)
and we have constrained the ¢ mass to 3.1 GeV/c?. The 2!'p, state was ignored

) . . + - . .
since 1t has not been observed in e e reactions. However there is a

possibility of observing this state directly produced in hadronic reactions



since its production in e*e— via the chain e+e—+¢ +YX>YYY may

be suppressed because of a small y'»yyx branching ratio. The branching
ratios for XYy have been taken from reference 40. The combinatorial
background has been estimated by superimposing ¥ events on the back-
ground of 7° and n photons which have been estimated from pp bubble
chamber events“!. All reconstructed 7°'s and n's have been eliminated
from the photon sample. It is clear that the expected photon energy
resolution of 0%6%-/E is good enough to achieve clean separation of the
X states. We have investigated the resolution requirement and expect
that good separation of the states at 100 CGeV/c can be achieved even

if the photon energy resolution decreases tc 8%:vE. When the beam energy
is increased to 300 ér 750 GeV/c, the decrease in charged particle
momentum resolution is balanced by the increase in photon energy resolu-
tion such that the X resolution remains relatively constant. We there-
fore expect to be able to resolve Xw and Xp states with lO/l.relative

strengths at all energies.

We plan at the higher energies (300, 750 GeV/c) to search for
hadronic production of X+ Since nothing is known at this time about A
hadroproduction, we have assumed that the ratio of hadroproduction of L
to hadroproduction of the T is the same as that of the charmonium states
in order to obtain the numbers in Table II. After detection of these
states an attempt will be made to measure their relative cross sections
for comparison with gluon fusion models.

Finally we intend to search our data samples for evidence of the
expected '? beauty decays into ¢Kmor YK and fof the first time to search
for yKm or xK. The experimenters of reference 42 have placed upper limits
on the yYK® and ¢K°ﬂi modes of 0.08 and 0.51 nb/nucleon respectively
from a data sample of 40K y events. These limits correspond to a sensi-

tivity of 1llpb/event, to be compared with the sensitivity of the proposed

experiment. In addition; at the higher energies not only will our



luminosity be greater than the previous searches, but we should gain
large factors in cross section because our center of mass energy is

higher and beauty production is expected to increase rapidly with

energy near threshold.

B. Trigger Rate for Di-Muon Resonance Studies

The trigger with which we plan to accumulate our resonance
data is the di-muon trigger of E-537 Phase I. We expect to use the.
same trigger processor"? to impose a di-muon mass cut to Ffurther
eliminate spurious triggers. Without the copper absorber of our -
Phase I experiment the major contfibution to the trigger rate will
be two decaying pioné producing a di-muon trigger. We have estimated
from bubble chamber data the trigger rates which are given below for

the expected interaction rate at each beam energy.

Di Muon Triggers/sec

Beam All Di Muon Triggers After 2 GeV Trigger
Energy per sec Processor Cut
100 GevVv 2600 125
300 GeV 2900 125
750 GeVv 1700 n125

As can be observed the rate which the trigger processor is required
to handle is quite reasonable and the number which pass the trigger

processor cut can be handled by the online data acquisition system.
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APPENDIX A

E-537 Liquid Argon

Detector

The electromagnetic shower detector which we propose to add to
the E-537 spectrometer is a liquid argon detector with the cellular

structure shown below:

GIO STR]P’-—\ 1.5mm GAPS
:; L/ l ZERY
/] A /] |/
1 1 (4] 14 — REPEATS FOR 24RL
t,e— sERRZRR%
s |/ / A
U1 /]
% % l / A
/] A |

1.6mm Thick —————/ \——————lcm Wide  STRIPS

STAINLESS PLATES 45° ORIENTATION
lem Wide lcm Wids
STAINLESS STAINLESS

X STRIPS Y STRIPS

The bzsic parameters of the device are:

trip width - lem (X,Y),1.41cm (U/V)

Strip material - stainless steel

HV plate thickness - 1l.6mm

HV plate material - stainless steel

Liguid argon gap - 1.5mm :

HV plate size - 2 meters x 2 meters (Detector consists of two
Number of plates - 220 separate identical halves
U/V angle - 459 2m x 2m each.)

Mass of detector - 26 tons '

Volume of L.A. - 5000 liters (7.8 tons)

Size of detector - 4m X 2m X 2m

Cryostat - foam + stainless steel inner liner

¢ Methane - 1g

The basic design goals are:

Resolution - ov6% . VE
Speed (electron collection) - ¢n 150nsec
Anticipated Noise Level - vminimum ionizing = 130 MeV

!



The electronics (suitably modified to meet the trigger needs of
the experiment) which we propose to use with this device have been
developed by T. Droege of Research Services.? The two pulse resolu-
tion of this system is of order 150 nsec and 2400 channels are
required to instrument the detector.

We expect to be able to construct this device over a period of
1-1.5 years. We have estimated the technician effort to be‘the equiva-
lent of the construction effort for the E-537 drift chamber system (of

order 6 technician years).



APPENDIX B

Cerenkov Counters

for Charged Particle

Identification

We propose to add three segmented Cerenkov counters C1,

C2, and C3 to the E-537 spectrometer as indicated in Figure 1.

The elevation and plan views are shown below.
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The three Cerenkov counters have 16 cells each and cover the entire
solid angle. The cell sizes have been adjusted so that the rate has
been equalized in each cell. The mirrors are made out of 2mm alumi-
nized plexiglass reinforced with honeycomb material®® which contributes
less than .005 of a radiation length. The total amount of material
contributed by the three Cerenkov counters should be less than .04 of
a radiation length. This is to be compared to the average radiation

lencth of D, (.0652L) that the photons pass through.



The parameters of each individual counter .are given in Table Bl.

Table Bl

Cerenkov Parameters

Cl - Cc2 Cc3
Gas Ne (He) Nitrogen Freon
Refractive Index 1.000063 1.000287 1.000727
Integrated Photons/m (2200-5500A°) 15 71 180
m 17 5.6 3.2
Threshold (GeV/c) J—K 59 20 11
.lp 112 38 22
ﬂ 6 8 22
Average number of photo- K 5 A -7 18
electrons 0.5 GeV/c above
threshold* P 5 7 18
Length (Meters) 4 1.2 1.2
Radiation Length (gas+mirrow+wall) 0.01 0.006 0.02

*These numbers were calculated assuming a photon collection efficiency

of 80% and a photocathode guantum efficiency of 20%.



APPENDIX C

Current Results
from E~537
Phase I

The basic E-537 spectrometer has been successfully operated
for a brief period of time in a closed geometry configuration in
order to accunmulate data from the reaction

PN-L T X
The basic equipment which was used is the same as that shown in
Figure 1 with the exception of the new items, the liquid argon detect-
or and the Cerenkov counters which we described in Appendices A and B
and with a 60" copper absorber to shield the spectrometer from hadrons
frem the target. The preliminary data presented in this Appendix re-~
presents less than one week of data taking at greatly reduced beam
intensities. However this small data sample (less than 0.1% of the
data expected from Phase 1I) is adequate to demonstrate the excellent
performance of the basic spectrometer. We expect to complete a major
:data run for E-537 Phase I before June, 1981.

We show in Figure Cl a typical time distribution and position
resolution for our drift chamber system. As shown we are achieving
200 micron resolutions in these large devices.  This gives the ex-
pected good mass resolution of o ~4% for the ¥ (3.1) shown in Figure C2.
This mass resolution is completely dominated by multiple.scattering in
the copper absorber. If we investigate the angular distributions
(specifically the Gottfried-Jackson angle) as a function of dilepton
mass we see the expected change from an isotropic distribution in the

v mass region to a l+cos?6 distribution for events above 4 GeV/c®.



This feature is shown in Figure C3. We show in Figure C4 the X
and PL distributions of y's produced by the 100 GeV/c 7 and p. For com-
parison we show the PL distribution measured by Pilcher and Smith®®

for ¥'s produced in 225 GeV/c m N interactions. Finally we quote

the very preliminary result for the ratio

o (PN>Y+X)  _
(e ToyrR) = 2:5%0.8 Xp>0

at 100 GeV/c.

These data represent the first preliminary results for the E-537
spectrometer. We expect to continue this experimeﬁtation with greatly
increased beam intensities in Maréh, April and May of this year (1981)

and to complete this phase of E-537 in the fall of the year.
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ABSTRACT

The large aperture spectrometer of E-537 and the special
high 1intensity secondary beams which ars available in the High
Intensity Laboratory of the Proton Area in the Tevatron era offer
a unique opportunity to study the hadronic production of x states
and their subsequent decays and the production of direct photons.
We are revising our priorities and apﬁﬁf?tus as outlined in our
previous P669 and E-537 proposal submissions 1 o emphasize good
energy resolution of the final state photons with the primary
intention of studying the hadronic production of y states by

proton, antiproton, and ¢+ beams.

ey,
=g
I 14

_:]-z-n-» X + X

A 15900 hour exﬁeriment at 3n0Gev/c using the E-537 apparétus
augmented by the proposed high resolution electromagnetic shower
detector {See Appendix'A) will allow us to accunulate a data
sample of greater than 10®* yx decayings yd. The good energy
resolution of the spectrometer for both charged particles and
photons will allow us to resolve the 1+ ang ottt charmonium
states. With the good acceptance afforded us by our large
.aperture spectrometer we will be able to study y production in
the region .N<xXp¢.8 and at P,'s up to 4GeV/c and X decay into ¥V
over the entire range of the decay angles. Such measufements

should provide an understanding of the various mechanisms (quark



-

and gluon fusion) involved in the proizction heavy quark bound
states.

Simultaneously with the charmoniuwm zhotons we will measure

the Thigh P, and high xp production of diract photons by the same

p
T

The direct photon data collected during this run will allow a

beams.

H 1

J+N'->y+x

unique measurement of the difference of proton and antiproton
production of direct photons out to 7, ~ g GeV/c and over the
entire range of Xp>0. At the same time in the same apparatus we
will measure =+ production of direc: photons and be able to
compare these measurements to the antiproton measurement. The
antiproton-proton comparison should allosw the separation of the
quark-antiquark annihilation and gluon-g:zrX components of direct
photon production and allow the continuation of the study of
valence gquark and gluon structure functicns (begqun in E-537 with
the study of lepton pair production by antiprotons) to regions of

much higher Xp and P,.



11 Physics Goals

A. Charmonium Production in Hadronic -Interactions

The high resolution E-537 spectrometer (See Figure 1) and
its associated di-muon trigger processor ? will be augmented by
the high resolution electromagnetic shower detector described in
Appendix d. This system together with the unique mixture of high
intensity antiproton, proton, gzt beams available in the High
Intensity Laboratory of the Proton Area will enable us to study,
as a first priority, the production of charmonium y states which
decay into «yy. With the excellent masds resolution of our
spectrometer we will be able to resolve the 23PJ states and with
high statistics to study their production and decay angular
distributions in various kinematic regions. The comparison of
the hadronic production of the various y states by antiprotons,
protons, and 3t will allow us to test the predictions of the
various gluon and quark fusion models?*~!3 and to eventually
extract the gluon structure functions. 1In particular the study
of the difference of PN and pN production of the various yx states
will allow the isolation of the contribution due to the nuclear
valence quarks. Furthermore, for all incident beams a detailed
study of the decay angular distributions of the individual
states can help determine the production mechanisms!?2~!3, Also, a

determination of the cross section for the various y states vs Xo

and P, will be an additional stringent test of the various ideas

for the production of these states by constituent interactions.

Finally with the addition of the Cerenkov counters Cl, 2, 3 (See



Appendix B), the high statistical 1levels and the good mass
resolutions for the x and ) states will allow us to continue the
search’?® for the expected decays’® of beauty, B-+9YK and B »¢{Kn. In
addition, we will be able for the first time to search for the
similar decays B-+Ky and B > YxKm.

B. Direct Photon Production in Hadronic Interactions

While performing the measurement of y production and decay
we will accumulate a large amount of high P, and high xp direct
photon data produced by the antiproton, proton, and 7t Dbeams.
This data (especially ths unique capability of doing a proton -
antiproton difference) would add greatly to the observations of
direct photon production at high P, in proton-nuclear
interactions which have been performed at Fermilab and at
CERN!*—17, This process is thought !*72? to proceed in lowest

order in ag via the interactions of the constituent quarks and

gluons shown in the following diagrams:

X

. Q@

gluon |

q _
quark jet

Jet
‘COMPTON - ANNIHILATION



As shown above, the productién of direct photons by protons or 7t
in this picture will be dominated by the Compton process since
the annihilation process proceeds mainly via valence antiquarks.
The antiproton and - interactions will have approximately equal
contributions from the two diagrams at moderate Py phut at higher

P, the annihilation process will dominate. By measuring the

difference of +the antiproton and proton cross sections from our

isoscalar D, target we will isolate theannihilationprocess and be
able to study the nucleon valence quarX structure functions at
high P, ang xp. The same statement is true for for the 77D, and

“+Dz difference except in this case the pion valence quark

structure functions are studied.
In summary while accumulating the y data we will collect a

major amount of high x, apng xp direct photon data which will

allow us to accomplish the following studies:

l. c#(ED) - GY(pD) study of the annihilation process for nucleon
valence quarks, for higher statistics extrac-
tion of the nucleon structure functions, at

high Xp and Py.

o {(r D) - ¢ (ﬂ+D) Study of the annihilation process for pion
Y Y valence guarks at large Xp and P,.
2. o_ (pD) study af the Compton process, and study of the
Y nucleon glue distribution.
UY(F+D) study of the Compton process and study of the

pion glue distribution. This process is
complicated by a 25% admixture of the
annihilation process.

3. o_(pD) comparison of the antiproton production of
Y direct photons themselves with the anti-

proton production of dimuons (which is being

measured in E-537) by comparison of the
extracted structure functions.



11 Beams
We will split the requested 1500 hours for this experiment
equally between positive and negative esam running. The beam

energy is chosen to be 300 GeV/c for this phase of the experiment

since this 1is the energy at which an adequate flux of
identifiable antiproton (and 1) are available for  the
antiproton-proton (and %) comparison aspects of the experiment
(See Table 1I1). We have taken as a limitation either the

available protons for the High Intensity Laboratory from the
Doubler ( 2.5X10!? protons/spill) or a maximum secondary bean
flux which can be handled either by our beam tagging system or
the E-537 spectrometer in the open geometry configuration shown
in PFigure 1. These beams correspond to a maximum interaction
ra#e of 2.5x10¢ interactions/sec in our 1 meter D2 target.
Deuterium 1is chosen both for its I=0 nature and in order to
optimize the ratio of radiation length to interaction 1length in
the target material.

We show in Figure 2 the positive and negative secondary bean
yields?3 available with the 1000 GeV/c Tevatron. We will use
both the unique 1°+p beam?* (hereafter referred to as the neutral
beam) for the negative beam operation and the conventional
secondary transport?s {referred to as the charged beam) for the
positive beam running. The existing beam tagging system utilizes
two 70’ long differential Cerenkov counters operating at e, ~ g,5
mrad. They work well up to a beam momentum of 150 Gév/c. At 300

GeV/c we would employ two 95' long threshold Cerenkov counters



(ec=3.l mrad with an average of four photoelectrons per counter).

With the particle ratios shown in Table 1, these Cerenkov

counters will allow less than

antiproton flux.

1% 3~ contamination of the

Table I

Beam Scenario

Primary Proton Beam Energy
Secondary Beam Energy
Spills/hour

Spill Length

Length of Run
Protons/spill

Secondary Beam/spill

Interaction Rate
(1 meter D, target)

Total Beam

1000 GeV/c
300 GeV/c
100

10 Seconds

750 hours - Neutral Beam (A%»p) for ﬂ;/i
750 hours - Charged Beam for w /p

2.5x10'2 for Neutral Beam operation
~ 10!® for Charged Beam operation

- r A
g=g§i8, Z for Neutral Beam operation
4.0x107 p, for Charged Beam operation
6.0x107 =

1.1x10°% int/sec for Neutrzl Beam operati

2.5x10° int/sec for Chargsd Beam operati

11
;:g§i312 ﬁ- for 750 hours of operation

3.0x10!2

4.5x1012 $+ for 750 hours.of operation



IIT Apparatus

The apparatus to be used in this experiment (See Figure 1)
is basically the E-537 spectrometer augnented Dby a high
resolution electromagnetic shower counter array (See Appendix A)
for phnoton measurement and a set of segmented Cerenkov counters
for charged particle identification. These devices are described
in Appendices A and B of this proposal. The electromagnetic
shower counter array was chosen to be Pb glass because of the
good photon energy resolution. This energy resolution will allow
a good x mass resolution and a comfortable separation of the 1+t
and 2%t yx states in all kinematic regions of ¥ production and
decay. The general parameters of the spectrometer are given in

Table II below:



Table II

Vertical Arsriure +100 mrad
Horizontal 2zerture 200 nrad
/B.4g 1089 kG inches

Resolutions {(o):

Mass ¥ (3 GeV/c?) 40 MeV/c?
Mass T (10GeV/c?) 190 Mev/c?
*Mass x?(3.5 GeV/c?) 11 MeV/c? (8 MeV/c2)**
*Mass X-(10.0 Gev/ch 17 MeV/c? (11 MeV/c2}*=*
E resolution for ¥ o 4. 3° +0.7% (g 2. 0% * %
E
P resolution for charged particles o~0.2%.VpZ+0. 0lp

Position resclution - Electromagnetic _
shower counter zrray o % llmm//E

Position resclution - Drift Chamber 6x¢ 200 microns
19 Mass resolution o/mv 6.5%

n® Mass resclution o/mv 3.0%
Resolving distance for two photons ~ 2 inches

*Requires constraint of P(T) mass

**We quote two numbers for x resolutizxz for two different comp031tlons
of the electromatnetic shower countsr array. The first number is
that expected £for an array construcz=d entirely from SF5 Pb glass.
The energv resolution given in Tabls II is based on the experiences
of the Markx II Pb glass wall and E-238. The resolutions given in
parenthes;s are those expected for zn array composed of a mixture

of Ohara scintillator glass SCGl-C znd S©3 (See Appendix A).



v Measurement of y Production by p# and r+ Beams

A, Event Rates

To estimate the number of y's which we will accumulate in
our 1500 hour, 300 GeV/c experiment we have used the measured

cross sections?®”?? for ¢ (31) production for 7~ and proton beams

and the experimentally observed ratios

£

o (BN =+ V+X) _ 1.4 | cf{nNn >
¢ -

) - 1.0
o (pN =¥ +X) | s(nhN X)

*
3 +
In addition, we have made the assumption in calculating the
acceptances of our spectrometer and the yields of y's at various
Xp and Py that the X production (as a function of Xp and Py)
looks very much like ¢ production.

Using these data and assumptions we can estimate the level
of x production by using the various measurements??®~22 of the
ratio of y hadroproduction to y hadroproduction. We have taken

the observations of reference?? for s N»xx at 175 GeV/c as the

most current and appropriate to our experiment. Using their
result
1
T N+xX

TN =-36£.05

we have predicted the number of x's which should be produced by
each beam. Since the relative hadroproduction cross sections for
the various y states are unknown we have assumed for the
preparation of Figure 3 and Table T1II that the 2°P; states have
equal production cross sections (in contradiction to the

prediction of +the gluon fusion model?). The 2P1 state has been



ignored since 1t has not been obs2zvad in ete~ reactioans.

fre

However it is possible that this state could b2 observed in a
hadronic expariment since its production in ete~ experimants must

proceed via the production of a 7 with ths subseguent decay of

the ¢ »yx>yvy¥. This chain may bz s:
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3" +>yyx branching ratio. The branching ratlios of

fe

x+v% used in the
preparation of Table IIT and Figure 42,b hzve been taksn from

reference3?,



Number of Observed y+utu~ and y+yy Events

TABLE ITI

esonance X States Total
Beam G o= 1++ 2+ X's
B 38K . 6K 7K 3.4K 11K
T 134K 2.6K 30K 14.6K 47K
P 150K 2.3K 27K - 13.0K 42K
at 214K 4.1K 48K 23.3K 75K
Mass~ 3. 10GeV/c2 3.415 GeV/c2 3.510 GeV/c2 3.550 GeV/c2 -
Number of x's vs. Xp
Beam _ _ +
Xp P T P T
<-.2 70 100 250 160
-.2 to .0 | 2150 3450 5700 5600
.0 to .2 | 5550 19000 23500 30600
.2 to .4 2700 18000 10150 29000
.4 to .6 500 51590 2200 8300
>.6 40 850 150 1400
Number of X's vs. Pj
Beam _ +
P, P T P L
0-1 6200 26500 23500 43000
1-2 4400 18300 16600 30000
2-3 850 1700 1600 2700
3-4 - 25 - 40




B. Backgrounds

We have estimated the combinatorial background to x states
that arises when an event containing a y(3.1) also contains 6ne
or more photons from a z° or n decay in which the other decay
photon 1is missed. Typical events with #°'s and n's have been
generated from Pp bubble chamber?®* events and ¢V production has
been superimposed on them. All final state photons which can be
combined to reconstruct an n or a 7° have been eliminated from
the yy combinations which make up the background. The remaining
vy events properly normalized make up the backgrounds to the 23

Pg
spectrum shown in Figures 3a and b.

C. Resolutions

The mass resolution which we expect to achieve for the
spectrum is given in Table II and exhibited in Figures 3 and 4.
2As stated in Table II the resolution depends on the ultimate
composition of the electromagnetic shower counter array. We have
estimated the resolution for an array that is composed entirely
of SF5 Pb glass. We plan, however, to construct the central part
of the array (See Appendix A) out of the new scintillator glass,
SZGl-C from Ohara Optical. The better energy resolution which
has been measured for this glass as well as its measured two
order of magnitude increase in resistance to radiation yellowing
results in the more comfortable y mass resolution shown in Figure
3a and a more stable detector. With either glass type we expect

to be able to resolve the 1%t and 2** y states but with the high



resolution glass the sensitivity of the measurement will be
increased, the range of X; and decay angles of the X states over
which the 1" and 2** are well resolved will increasa, and the
background contamination of the angular distibutions will be
reduced.

D. Acceptances

As indicated in Section IV A the acceptances for Y events
are quite good (averaged .28 for p* induced events and .35 for =%
induced events at 300GeV/c over all Xz and Py). However, it is
important to have good acceptance in the x decay angles which
must be measured in order to isolate the production mechanisms.
According to various theoretical predictions!?=!?! +the angle
between the photon and the beam (¢) and the angle between the
photon and the positive lepton (8) in the y center of the mass
are important in separating gluon and quark production
mechanisms. We show the acceptances vs cose and cosg in Figure
5. Note that the acceptance 1in cosg 1is almost flat. The
acceptance of our experiement at negative cose is quite good
because of the ability of our shower array to detect 1low energy
and wide angle photons. (We apply a 300 MeV energy limit on
observable photons even though the noise 1level in our glass
shower counters 1is expected to Dbe less than 100 MeV from our
previous experience). We see positive cosg in a relatively
unbiased way except for a small region near cospg=1l. where the y

decay photon is lost in the beam hole.



E. Trigger Rates

The trigger with which we plan to accunulate our resonance
data is basically the same di-muon fast trigger which has already
operated in E-537. We expa2ct to use our existing trigger
processor? to impose a di-nuon mass cut to eliminate triggers
from low mass muon pairs. In an open geometry configuration of
E-537 the major contribution to the trigger rate will be two
decaying pions producing a di-muon trigger. We have estimated
from bubble chamber data and a software simulation of our fast
trigger and trigger processor the trigger rates which are given
below for the expected interaction rate for the 300GeV/c positive

and negative beam operation.

Beams Fast Togic Triggers Di Muon Triggers/sec
- per sec 2 GsV Trigger Processor Cut
p/7" 1300 N 60
+ .
p/m 2900 _ ~n125

As can be observed the rate which the trigger processor is
required to handle is‘quite reasonable and the number which pass
the trigger processor cut can be handled by the online data

acquisition system.

V. Measurement of Direct Photon Production by p* and 7w+ beams

A. Event Rates

Direct photon production in proton-nucleon interactions has

*

been observed by several experiments both at Fermilab!* and

CERN!3717_  The currently existing data is shown as a function of



Py in PFigure 6. Attempts have been made by a number of

theorists®®~2? to calculate the production of direct photons
within the framework of QCD. These efforts have resulted in a
consistent picture of direct photon production. In particular,
the theoretical curves of Figure 6 represent the results of a
calculation!? which approximately fits all existing data. The
sensitivity of the calculation to the choice of the intrinsic
transverse momentum spactrum of the constituents is indicated by
the Kn = 0 and 1 GeV/c dashed and solid curves.

Since no published data exists at the present time for
direct photon production by =+ and no data at all for P we have
estimated thz expected cross sections for these reactions from a
QCD calculation similar to that which fits the proton-nucleon
direct photon production. The Compton and annihilation processes

have been calculated and summed using the usual formalism?®3:

.dZO' =ig _d_i ____J_-___ zez G.F + .
dp, “dy JX dat’ ,Xls+u a . beam+>target dxl
lmin C
: do 1 )
1 .
min

where: the gg' are the appropriate subprocess cross sections for
t



the Compton and annihilatioﬁ diagrams, G and F are the gluon and
quark structure functions with Q? dependence for the appropriate
hadrons, s and u are the usual Mandelstam wvariables for ths
interaction, and +t' is the momentum transfer in the constituent
subprocess. We have used the structure functions tabulated in
references?® and ?7 with the gluon structure function modified to
the strong glue form?*®. The intrinsic +transverse momentum
distribution of +the gluons and partons is introduced via the
Altarelli-Parisi method?®®s *°,  mhe average intrinsic transverse
momentum is chosen to be 600 MeV/c to agree with that extracted
from the p pair production data of references 41, 42 and 43.

In Figures 7a,b and 8a,b we show the direct photon_ Ccross
sections which we expect for p* and 7+ interéctions at 300 GeV/c
as a functions of p, and xp in order to demonstrate several
interesting features. It appears that at high p, +the
annihilation process is larger than the Compton process in the
production of direct photons. This dominance of the annihilation
process as shown in Figure 7a,b is true regardless of whether
strong or weak glue structure functions are present. In
addition, as shown in Figure 7a,b, the annihilation process is
much lafger in 1~ and P induced reactions than in the % or p
interactions because of the preszsnce of wvalence antiquarks of
charge 2/3. These features 1lead to the expectation that the
hadrons recoiling against the high p, direét photon will more
often be the result of gluon fragmentation than quark

fragmentation.



When an isocalar target such as deuterium ié employed, the
difference of the P and p or the ¢~ and 5t induced direct photon
signals should be the contribution due to the annihilation
process and shoula contain indications of gluon Jjets. In
addition the difference between the 1% and 7  eross. sections
should be free of residual Dbackgrounds to the direct photon
production which are due to photons from »° and n decay since «°
and n production should be the same for =t and 7~ interactions
with D, py isospin arguments. The same background statement
should be approximately true for p/p differences, although in
this case an isospin argument cannot be made. In addition the
pD-yx and to a lesser extent, the »™Dsyx reactions are dominated
by the Compton process. Therefore, by examining these reactions
it is possible to study an almost pure Compton process and to
search for evidence of quark jets. However, in this case the
direct photon backgrounds must be estimated from the observed x°
and n production and taken into account.

Using the above QCD calculation, direct photon event rates
for each of the 300 GeV/c beams have been calculated and are
given in Figures 8, 9 as a function of p, ang Xp. The large
numbers of direct photons which are produced for each type of
beam particle are adequate to probe the large Xp ana pi1 in which
QCD may be valid.

B, Backgrounds to Direct Photons




Unlike the production of dileptons (which is suppressed by a
factor of a relative to direct photons at a»given Xp and p,), the
problem with direct photons is not one of event rate, but rather
one of backgrounds. Both by the technique of taking differences
of cross sections and by eliminating r° and 1n photons -we will
achieve clean direct photon signals.

The major backgrounds for the direct photon part of the

experiment arise from several sources:

1. Single photons from »°, n (w°,n",x, etc. ) decay are
lost outside the electromagnetic shower detector or in
the 6" x 6" beam hole. Approximately 85% of the total
background is due to loss of photons at large angles.

2. Asymmetric v°, n decay in which one of the photons from
the 1° or n 1is so 1low in energy that it is not
recognizable in the the neutral detector. This is less
than 1% with our 300 MeV cutoff in energy. Our previous
experience with Pb glass indicates that a 100 MeV cutoff
is probably possible.

3. Events in which one photon from a ° decay converts in
the deuterium target or in another part of the
+ - . . .
spectrometer and the e% e~ pair is not recognized as such
in the spectrometer. This source contributes less than
2% of the total background.

4. Coalescing photons from 7 decay or overlap of photons
from the decay of different 7°'s. The coalescing leads
to approximately 6% of our total backgrounds if a
conservative 2" is required Dbetween photons in this
shower detector in order to consider them
distinguishable. The overlap of different «° photons
leads to another 6% of the total background.

5. Neutral hadrons. By examining the longitudinal and
transverse sharing of the shower by ths various counters
composing the live converter and the main body of the

shower array we estimate (using our previous
experiencel? and the experience of other
experiments!ss!¢, a background from this source that is

less than 1% of the final signal level.



We have simulated backgrounds 1-4 in order to arrive at
these estimatés by using measured w° and n fluxes*",* to make a
monte carlo calculation of the photon flux expected in the
spectrometer. For the case of Pp+7°X we have assumed that the
cross section is approximately the same as that of pp+w°X. We use

the scaling form

adg _ “N,._ M - Jw 2 F¥x ?

with N=9, M=5, and A = 3.8 x lO"”cm’/GeV’/ﬁucleon. This form
fits the data of reference 44 for pN interactions. The rtp>7°X

cross sections are taken from reference 45:

Ef-?—% =a' (1 ~x)%/(p,? +0.97) X. = /X 2% 7
P D i D Xl + (XF - 0.14)

with N=5, F=3, and A'=1.1 x 10"2¢cm?/GeV2/nucleon. An n/v° ratio
of 0.5 measured in these two experiments**s %35 3Jis used in
simulating the background due to n. The productibn of w°,n”,x has
been measured*® and the backgrounds they cause are estimated to
be insignificant. Using these cross sections we have simulated
the #° and n production and investigated the properties of the
spectrometer. We have eliminated background photons | in our
"simulation by computing the invariant mass of all two photon
combinations and reconstructing 1°'s and n's. All residual
photons which are unpaired for any of the reasons 1-4 are direct
photon candidates and form the majority of the background.

Clearly, the energy and position resolution of the detector are

important in providing positive identification of a two-photon



pair as a ° or an n. The properties of the detector describad in
Appenéix A a2re such that the mass rssolutions at 300 GeV/c are
cv°"8MeV/c= and aﬂ”lSMeV/c:.

In Figs 9,10 we show our estimates of the remalining residual
backgroundvp, and xp. The signal to background-improves both at
high Pi and xp. For the high p, and x; regions where the
signal/background ratio is 1large, the direct photon flux will
provide a clesan signal for extraction of structure functions.

C. Trigger Rates for Direct Photons

We plan to constfuct a high p, trigger for our
electronagnetic shower detector Sy grouping the 426 counters of
the shower detector into sets of 9 counters which form square
"trigger regions". The signals from each individual counter are
fanned out (by 9) and are resummed (again-by 8) to form an energy
for each trigger region. To form the p, trigger these signals
are required {by simple setting of discriminator 1levels) to be
above a threshold which depends on the distance of the center of
the trigger region from the beam. ¥e have estimated with our

monte carlos for this very simple regional P; trigger the rates

for each beam above P, pf 4.0 GeV/c.

302GeV/c Beam Trigger Rate/sec
p/nT ~ 10
p/at ~ 25

Thus the total trigger rate including real direct photons and

background photons is quite manageable.
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P&69 Electromagnetic

Showar Datector

We have chosen to aim for the best possible photon energy
resolution in our neutral detector in order to make the y mass

resslution as comfortable as possible. This criterion implies

v
n

B
v

in

n
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hower detector. Ve intend to add the electromagnatic

shcwar counter array shown below to the E-537 spectrometer in order

to zccozplish the goals of the proposal.
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As indicated the shower:detector array consists of 426 individual
Glass counters in the arrangement ofa live converter followed by a
& plane PWC station #ith 2mm wire spacing followed by the main body
of the shower counter. The PWC station has its signal wires ganged
together to form lcm strips, each of which is digitized to providé
oprecision spatial information about the photon position in the detector.
Previous experience of other experiments indicates that a position
resolution of o0 v 2mm can be achieved with this strip width for photon
energies of 30 GeV. For lower>energy photons we have used 1/VE
dependence, a conservative assumption which has been bettered in
various experiments. The 6 signal planes of the PWC station are
separated by approximately lcm of polyethylens in order to range out
low energy electrons.

We have considered two possible types of glass for the shower
counters which compose the detector. SF5 is a standard Pb glass that
has been widely used in the past and would be adequate for this
detector. However, it has an energy resolution which is ultimately
limited by photon statistics since the level of Cerenkov light
which is transmitted to the phototube is cut by the absorption of
plue light in the Pb glass. 1In additidﬁ, Pb glasses are susceptible
to yellowing by radiation. These facts make it attractive to consider
a new scintillation glass, SCGl-C, recently developed by Ohara as
an option for the central part of the detector (Regions I & II)
znd for the live converter. Beam tests done by two separate experi-
nental groupssrstndicate that the energf resolutions achievable with
this glass lie between o 1.2%/VE and o ~ 2.5%//E because of
the much higher level of light available from the shower. This is to be

55,56
compared to an energy resolution for SF5 which is 2-3 times worse. One ¢
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Cerenkov Counters

for Charged Particle

Xdentification
We propose ©o a2cdd three segmented Csrenkov counters Cl,

{ole

c2, gnﬂ C3 to ths E-537 spactrometer as ndicated in Figure 1.
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The three Cerenkov counters have 16 cells each arnd cover the entire
soliZ angle. The cell sizes have been azdjusted so that the rate has
been egualized in each cell. The rirrcrs are made out of 2mm a2lumi-

. - T} - -~ 2 e P~ L 3 57.'- =3 .
nized plexiglass reinforced with horeycomb material™’ which contributes
less than .025 of a radiation length. The total amount of material
contributed by the three Cerenkov counters should be less than .04 of
a radiation length. This is to be compared to the average radiation

lensth of D, (.065RL) that the photons pass through.



The parameters of each individual counter are given in Table Bl.

Table Bl
lerenkov Paramazers
Cl c2 c3
Gzas Ne (H=2) Nitrogen Freon
Refractive Index 1.002063 1.000287 1.000727
Integrated Photons/m (2200-55001°) 15 71 180
w 17 5.6 3.2
Thareshold (GaV/c) K 55 20 11
P 112 38 22
T 3 8 22
Average number of photo- <K 5 7 18
electrons 0.5 Ga2V/c above
threshold* . p 5 7 18
Length (Meters) 4 1.2 1.2
G.01 0.006 0.02

Radiation Length (gas+mirrow+wall)

*7hese numbers were calculated assuming a photon collection efficiency

of 20% and a photocathode quantum efficiency of 20%.
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